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For example for battery diagnosis it is essential to under-
stand mechanisms during discharge and because of aging to
optimize cell design and operating conditions. Therefore the
overall battery behavior can be modeled by combining models
of relevant mechanisms like porosity, charge transfer reaction
and diffusion. First diffusion models base on electrochemical
considerations [1]. The limitation of this model to infinite
diffusion is resolved by diffusion models similar to electrical
transmission line models [2]. Porosity models for a distributed
charge transfer reaction base on electrochemical considerations
[3]. A detailed analysis of porosity and diffusion models shows
some strong commonalities that are until now insufficiently
discussed in literature. The aim of this contribution is to define
one transmission line model according to figure 1 for modeling
several mechanisms. Thereby a sophisticated normalization
strategy allows to eliminate ambiguity and to quantify the
influence of each model parameter.
Fig. 1. General transmission line model
Depending on the boundary conditions assumed during the
solution of the differential equation system, different mech-
anisms can be modeled. Table I gives an overview about
the boundary conditions and the corresponding mechanism
modeled.
TABLE I
BOUNDARY CONDITIONS AND PHYSICAL INTERPRETATION
x = 0 x = lel
I1 I2 I1 I2 Ut physical interpretation
I0 0 (0)
∗ I0 porous electrode
I0 0 I0 (0)
∗ porous material
I0 −I0 Ut (lel) /Zlel general diffusion
I0 −I0 0 (0)
∗ blocked diffusion
I0 −I0 (−I2)
∗ (−I1)
∗ 0 semi-infinite diffusion
∗ This must be the result after calculating the integration constants
In this contribution diffusion and porosity are choosen
as example mechanisms. In the case of modeling a porous
electrode converting an electronic current into an ionic current
and vise versa the resulting impedance is given in equation 1.
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Figure 2 shows the normalized impedance of a porous
electrode based on a impedance model according to equation
1. Very characteristic for porosity is the 45◦ slope at higher
frequencies and the semicircle at lower frequencies.
0 0.5 1 1.5 2 2.5 3 3.5
−1
−0.8
−0.6
−0.4
−0.2
0
Im
(z 1
,2
’)
Re(z1,2’)
c2=0.1
Ω=1
c2=0.3
c2=1
Ω=0.01
Ω=0.1
Ω=1
c2=3
Ω=0.01
Ω=0.1
Ω=1c2=10
Fig. 2. Normalized Impedance
The results allow a better understanding of impedance
measurements and can for example be used for battery diag-
nosis and simplified simulations of electrochemical systems.
Fitting derived impedance models to measurement data by
nonlinear parameter extraction techniques allows to monitor
battery parameters during discharge and because of aging.
Thereby a sophisticated normalization strategy is essential for
unambiguous parameter extraction and useful to quantify the
influence of each model parameter.
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